In a prospective study, patients with the diagnosis of chronic ethmoid sinusitis were evaluated microbiologically by using biopsy specimens of the ethmoid sinus mucosa. Microbiology cultures were performed on 94 specimens from 59 patients. Staphylococcus aureus and members of the family Enterobacteriaceae were the most frequent classical pathogenic bacteria isolated. Coagulase-negative staphylococci were the most common overall isolates. Streptococcus pneumoniae and Haemophilus influenzae were infrequent isolates. No anaerobes, viruses, or Chlamydia trachomatis organisms were identified. Results of this study showed organism isolation frequencies different from those found in other studies of chronic sinusitis reported in the literature. The predominance of S. aureus and members of the family Enterobacteriaceae could have an effect on the antimicrobial therapy for chronic ethmoid sinusitis.
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Chronic paranasal sinusitis is generally a mild disease. However, it is important to realize that it afflicts a significant percentage of the population and causes considerable longterm morbidity. Many patients with chronic sinus disease are subjected to multiple courses of antibiotics and surgeries, with little or no improvement in their condition. Despite the tremendous advances in medicine over the last few decades, there have been relatively few advances in the diagnosis and treatment of chronic sinus disease. Long-term results of medical and surgical therapies have resulted in cure rates that vary between 29 and 80% (14, 23, 25) . We feel that this lack of progress is largely due to the paucity of knowledge on the microbiology and histopathology of chronic sinus disease available to us, and this was the impetus for our study.
The factors which are important in the pathophysiology of chronic sinusitis, and in particular, the role of allergy and infection in chronic sinus disease, are not well understood. The maxillary sinuses have always been considered the primary focus of disease, and they have been the focus of the majority of microbiological studies on chronic sinusitis (1, 2, 5, 6, 12, 13, 18, 20, 26, 32, 33) . Ease of access may be a factor in this emphasis. The less accessible ethmoid sinuses were little studied until the development of the rigid endoscope, which provides improved visualization of the ethmoid sinus through the nasal cavity (19, 24, (29) (30) (31) .
Recent studies, however, suggest that the ethmoid sinuses play a central role in the drainage and blockage of the frontal, maxillary, and sphenoid sinuses and are the key to the etiology and management of chronic paranasal sinusitis (11, 30) . This is consistent with the embryology of the sinuses. The sphenoid sinus develops from the posterior ethmoidal cells, the frontal sinus develops from the anterior ethmoidal cells, and the maxillary sinus most likely arises as an extension of the middle meatus or middle ethmoid air cells (11) .
Knowledge of the normal flora can help in the assessment of the significance of organisms isolated from the sinuses. No studies have examined the normal flora of the ethmoid sinuses. Bjorkwall (3) found normal healthy maxillary antra * Corresponding author.
to be sterile in 54 cases; however, other studies have shown conflicting results (1, 3, 4, 32) . It is difficult to extrapolate these results to the ethmoid sinuses.
We undertook this study to prospectively examine the microbiology of chronic ethmoid sinusitis. Our study is unique in that we examined a large number of patients with chronic ethmoid sinusitis, which is believed to be the focus of disease for the frontal and maxillary sinuses.
( For the second group, we compared specimens in which an organism was present in either the nasal swab or the ethmoid culture, but not in both. In this analysis we found the following results: (i) ethmoid specimen culture positive and nasal swab culture negative, 10 S. aureus, 14 coagulasenegative staphylococci, 7 Enterobacteriaceae, versus (ii) ethmoid specimen culture negative and nasal swab culture positive, no S. aureus, six coagulase-negative staphylococci, and 1 Enterobacteriaceae. Compared with coagulase-negative staphylococci, S. aureus was more often present in the ethmoid sinus alone than it was on nasal swabs alone, but this trend was not significant (P = 0.065).
In addition, Gram stain was positive for only 5 of 94 specimens. Two of these were S. aureus, and three were coagulase-negative staphylococci. The two specimens with S. aureus and two of three specimens with coagulasenegative staphylococci were associated with polymorphonuclear leukocytes.
DISCUSSION
To compare our microbiology results with those in the literature, we selected those studies which used modern aerobic and anaerobic techniques and we placed them into the following four study groups: (i) acute maxillary sinusitis, (ii) chronic maxillary sinusitis, (iii) chronic ethmoid sinusitis (this study), and (iv) mixed acute and chronic sinusitis of various sinuses (Table 2) . Cultures for viruses were not done in most studies. Organisms were listed by the number of positive cultures. Organisms listed by group included all species within that group (for example, anaerobes).
Results from our study indicate that the frequencies of organism isolation were different from those in the other studies (Table 2 ). When we combined the results for specimens obtained from the right and left sides, our results or conclusions were not significantly affected. In particular, we found a predominance of S. aureus and members of the family Enterobacteriaceae compared with the predominance found in other studies of chronic sinus disease. In our study, results from Gram staining were supportive of a role for S. aureus, and the analysis of nasal and ethmoid cultures are supportive of a role for both S. aureus and the Enterobacteriaceae as pathogens in chronic ethmoid sinusitis. In view of the chronicity of disease in our patients, the isolation of S. aureus, which has a propensity for causing chronic infections, is not surprising. We isolated relatively few S. pneumoniae and H. influenzae, which are the pathogens most commonly isolated from cases of acute sinusitis and which were more common in studies of cases of chronic maxillary sinusitis than in our study ( (5) 27 (11) 67 (71) 27 (9) ylococci P-Hemolytic streptococci 27 (4) 12 (5) 5 (5) (26) 50 (21) 8 (9) 41 (14) Total 602 241 94 291
a Data were obtained from previous reports (8, 15, 17, 35) , but specimens were cultured for viruses only in references 15 and 35. bData were obtained from previous reports (1, 6, 18, 32 possible pathogen (16) . The isolation of C. diphtheriae from one patient in our study illustrates the importance of maintaining skill in the isolation and identification of this potential pathogen.
We isolated no anaerobes in our study of patients with chronic ethmoid sinusitis, in contrast to other studies of patients with chronic and acute sinusitis, as shown in Table  2 . We propose that the ethmoid sinus may have fewer anaerobes than the maxillary and frontal sinuses by virtue of the fact that it is less likely to be obstructed and is more likely to be exposed to inspired oxygen. With obstruction there is oxygen resorption, an increase in partial pressure of CO2 (pCO2), and transudation of fluid, which then becomes a growth medium for organisms trapped in the sinus, predisposing the patient to bacterial sinusitis (9, 10) . With bacterial infection there is chemotaxis of polymorphonuclear leukocytes into the sinus, which further reduces the P02 and pH and increases the pCO2 (7). Clinically, this creates a purulent exudate with a low PO2 that is a good medium to support anaerobes, as is the case with abscesses (13) . Therefore, we also propose that the ethmoid sinus is more likely to have anaerobes in the presence of a purulent exudate.
Frederick and Braude (13) studied chronically infected frontal, ethmoid, and maxillary sinuses and found anaerobes in pure culture in 23 of 83 specimens; they isolated 80 anaerobes in all. Relative to the total number of organisms isolated, Brook (4, 6) and Frederick and Braude (13) identified a much higher percentage of anaerobes than the other studies did (Table 2 ). In those studies (4, 6, 13), they did not determine that all of these organisms were pathogens. Rice (27) notes, and we agree, that it is impossible to design a bacteriologically pure study on sinusitis; this makes all studies subject to criticism, including our own.
It is possible that technical factors could have decreased (8, 17, 35) . c Data were obtained from previous reports (18, 32) . d Data were obtained from a previous report (13) .
the number of fastidious anaerobes isolated in our study. We note that most anaerobes isolated by Brook (4, 6) (Table 2) . We believe that one important factor for the absence of anaerobes in our study was the conservative presurgical medical treatment which was used. Such treatment may increase the drainage of purulent material and may sufficiently oxygenate the ethmoid sinuses to eliminate the anaerobes. We found that fewer patients had pus on endoscopic examination of the middle meatus in the operating room than during the original endoscopic examination in the office.
To further support our theory that the ethmoid sinus is more likely to have anaerobes in the presence of pus, results of several studies in which modern anaerobic techniques were used are examined in Table 3 . These results indicate that there is a strong correlation of anaerobes with purulence on clinical examination; but this correlation was not found for S. aureus, S. pneumoniae, or H. influenzae. We are conducting further studies to test our theories that these factors are important in the isolation of anaerobes.
Our study is also important in that we examined the sinuses for both C. trachomatis and respiratory viruses, but none were found.
In conclusion, in this prospective study we 
